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INTRODUCTION 


When  rfwMgwmg  cannon  systems,  the  dtndnlity  (finigne)  life  of  the  cannon  tube  must  be  measured 
(ref  1).  Retpurements  state  that  the  £ttigue  test  most  be  perfonned  in  the  open>ended  condition.  Since  cannon 
mtHwt  have  relatively  large  bore  diametera  and  are  tested  at  pressures  as  high  as  100  Ksi,  signiflcant  end  loads  are 
produced.  iOstorically.  two  methods  of  reacting  these  end  loads  have  been  used:  a  large  capacity  press 
(Figure  1)  or  a  mandrel  (Figure  2). 

The  mandrel  method  iiriiiTftt  a  large  solid  steel  bar  that  passes  through  the  center  of  the  test  specimen. 
Sealing  closiires  «e  then  slid  over  each  end  of  the  mandrel  and  into  the  gap  between  the  mandrel  and  the 
specimen.  The  ends  of  the  mandrel  are  threaded  so  that  large  nuts  can  secure  the  sealing  closures  in  place. 

High  pressure  fluid  is  pumped  through  a  small,  an^  porthole  in  the  numdrel.  The  fluid  eaters  the  test 
specimen  from  the  mandrel  at  a  point  between  the  two  sealing  closures.  With  this  scheme,  the  only  end  loads 
reacted  by  the  mandrel  are  those  generated  by  the  pressure  acting  on  the  sealing  area  between  the  mandrel  and 
the  test  specimen.  This  relatively  small  axial  load  is  combined  with  external  compressive  loads  as  a  result  of  the 
pressurized  fluid  between  the  test  spedmea  and  the  mandrel  These  combined  loads  coupled  with  stress 
conceatratioa  fKiors  associaied  with  the  fluid  exit  port  result  in  a  very  short  mandrel  fatigue  life. 

The  press  method  allows  the  end  loads  to  be  reacted  from  outside  of  the  test  specimen.  The  magnitude 
of  this  end  load  is  quite  high  since  the  teat  pressure  ams  on  the  entire  cross-sectioiial  area  of  the  sealing  closure. 
These  end  loads  can  be  as  high  as  3000  It  is  difficult  to  design  and  build  a  compaa  press  that  will 
survive  extended  cyclic  loading  at  these  loiriing  levels.  Increasing  the  fiuigue  strength  of  the  press  is  possible  by 
preloading  the  posts  in  a  manner  similar  to  prdaattiiy  a  bolL  In  this  report,  we  will  demonstrate  the  design 
method  used  to  develop  a  compact,  high  capac^,  fiittigne4esistant  press  rated  for  continuous  service  at  3000 
kips.  Of  pmticular  interest,  is  the  innovative  mmfaod  used  to  preload  the  press  posts. 


DESIGN  METHODOLOGY 

The  objective  was  to  design  a  press  whh  a  life  ttf  1,000,000  cycles  at  a  maximum  externally  applied 
load  of  3000  k^  with  a  minimum  safety  fretor  of  10.  Ihe  material  to  be  used  was  restricted  to  the  available 
materials  for  cost  and  convenience  considciatioos.  The  top  and  bottom  platens  from  existing  non-preloaded 
presses  were  to  be  utilized.  The  press  was  to  accommodate  test  specimens  as  long  as  65  inches.  Previous 
studies  (ref  2)  have  shown  that  die  likely  btigue  flulure  locatioo  on  presses  used  to  reaa  end  loads  is  the  press 
post  The  thrust  of  this  study  was  to  dmngn  press  posts  that  will  survive  the  design  requirements  stated  above. 
To  meet  these  requirements,  a  design  shniiar  to  the  design  shown  in  Figme  1  was  used.  Namely,  there  is  a  top 
and  bottom  platen  connected  by  two  posts.  Since  the  new  press  was  to  be  preloaded,  it  became  evident  that 
platen  adjustai^ty,  with  regard  to  spedmen  aze,  would  have  to  be  emitted.  Once  again,  the  bulk  of  the  design 
was  to  determine  the  conditions  under  which  two  posts  ot  approximaudy  7-inch  diameter  subjected  to  cyclic 
loading  ratting  from  zero  to  3000  kips  could  survive  14X}0,000  cycles. 

BASIC  CONCEPT 

The  platens  of  the  preloaded  press  ate  held  in  place  by  threaded  nuts.  The  mating  threads  on  the  posts 
produce  stress  concentration  factors  that  are  the  source  of  fluigue  crack  initiation  and  failure.  To  design  a 
fastener  connection  that  eliminates  this  stress  concentration  is  beyond  the  scope  of  this  work.  The  preloading  of 
bobs  has  been  a  long-standing  techniqne  in  extenduig  the  life  of  a  threaded  connection  (ref  3).  This  method  am 
be  applied  to  the  press  with  some  small  modificatioos.  By  placit^  a  large  washer  or  compression  sleeve  around 
the  posts  between  the  two  platens,  each  post  can  be  preloaded  to  a  specific  value.  This  preload  reduces  the 
damaging  effects  of  large  alternating  stresses,  (ate  known  as  stress  amplitude).  Figures  3a,  3b,  and  3c 
illustrate  the  advantages  of  reducing  the  alternsoing  stresses.  A  preloaded  press  arrangement  is  shown  in 
Rgure4. 
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Tte  mnariah  med  to  cooaiiact  the  stractmd  componena  of  the  press  are  described  with  their 
mechenical  properties  ia  Table  1.  Each  ptaHo  is  17  inches  high,  16  inches  deqt.  and  48  inches  wide.  Two 
holBS  large  eno^  fbr  the  press  posa  to  pass  throt^h  are  machined  symmetrically  at  each  end.  Tbe 
compression  sleeves  are  6S  inches  long  with  an  inner  diammnr  (ID)  of  8  inches  and  an  outer  rfiawiMw  (OD) 

12  inches.  The  nuts  have  an  ID  of  7  inches  and  an  OD  of  13  inches.  The  posts  are  IIS  inches  with  an  OD 
<tf7inches.  The  posts  were  threaded  appraximaiBly  11  inches  from  each  end.  The  threads  used  were 
7-4UNRC>2A.  with  0.027  inch  minimnm  root  ladius.  After  machining  and  heat  treating,  the  threads  on  the  posts 
and  the  outs  were  shot  peened  with  0.008  diameter  shot  to  0i)12A  intensity  and  100  percmit  coverage.  Other 
stress^edndng  features  were  applied  to  the  post  and  the  nm.  Each  end  of  the  posts  received  sliglu  undercuts 
before  the  foat  thread,  and  each  not  had  a  tapered  noae  (Figure  S).  These  two  features  help  reduce  the  stresses 
at  the  first  tended  thread  (ref  3). 

It  is  important  to  note  that  the  use  of  mange  material  is  not  intended  to  inq>ly  that  such  material  be 
incotponted  into  the  ASME  Pressure  Vessel  sod  Piping  Code  for  High  Pressure  Vessels  (Sect  vm,  Div.  3). 

The  use  of  this  material  was  an  attempt  to  utilixe  a  high>atreagth  material  with  a  high  endurance  limit,  while 
minimizing  the  sae  of  the  components.  The  antfaon  are  aware  of  numerous  problems  associated  with  the  use  of 
this  material  in  sanilar  appUcattens,  inchidlng  notch  senshiviQr  and  susceptibility  ID  stress  corrosion  aacidng.  Its 
toughness  limitations  were  also  considered.  We  have  addressed  these  proems  by  incorporating  several 
safeguards  into  the  press.  Shot  peenmg  the  threads  will  reduce  the  possibility  of  stress  corrosion  cracking  by 
ptecing  those  areas  most  likely  to  initiatB  stress  corrosten  cracks  in  a  state  of  compressive  residual  stress.  Each 
post  and  sleeve  was  instromented  at  the  time  of  consauctfan  and  continuea  to  be  monitored  for  residual  stress. 
Shooldtemofresidualstreasbeobserved(indicaiingtbepteaeaceofctacks),  use  the  press  will  be  halted.  A 
noodestructtve  inapection  procedure  applied  at  regular  intervals  is  in  effect  Oict.  the  presence  of  cracks  is 
noted,  the  press  wiU  be  teoroved  fiom  service.  We  anticipate  that  the  press  will  survive  its  design  life,  but 
consider  the  incorpomtian  of  these  safeguarda  as  prndeat 

FATIGUE  LIFE  PREDICTION  METHOD 

With  pretended  connectioos.  the  tensile  pretended  component  is  tended  such  that  it  has  a  tensile 
minimum  suess,  and  the  compreasively  loaded  pan  has  a  compressive  minimum  stress.  When  the  cyclic  toad  is 
applied,  the  compressive  residual  stresses  in  the  compreasively  tended  pan  must  be  overcome  before  substantially 
inoeasing  the  tensite  stren  on  tbe  conqmnent  with  tensile  reaidnal  stress.  Therefore,  tbe  efifea  of  tbe  preload  is 
to  increase  the  mean  stress  on  the  tensile  loaded  componem  and  reduce  its  stress  amplitude  during  cycling. 

Many  methods  of  amdysis  have  been  developed  for  determining  tbe  effect  of  tensile  mean  stress  on  the  fatigue 
performance  of  components.  Tbe  oiM  comtnonly  qtpUed  method  is  tbe  Goodnum  approach,  ahhougb  success 
has  been  demonstraied  by  using  the  Gerber  and  Soderberg  qiproacbes  (ref  4). 

Tbe  most  conservative  of  these  methods  is  tbe  Soderberg  approach.  With  this  method,  it  is  assumed 
that  the  teens  of  poinis.  which  describes  those  combinattens  of  mean  stress.  Sm.  and  stress  anqditude,  Sa. 
resulting  in  the  same  fedgne  life,  is  a  straight  Une  on  a  plot  oi  stress  ampHtnde  on  the  ordinate  and  mean  stress 
on  the  abacisaa.  For  a  life  of  1,000,000  cycles,  the  Soderberg  liim  inietsects  the  alternating  stress  axis  at  the 
endurance  limit  of  the  mmerial,  $•,  and  intersects  the  mean  stress  axis  at  tbe  yield  strength,  Sy,  (tf  the  ituueriaL 
Combinattens  of  mean  stress  and  alietnatmg  stress  that  fell  to  the  right  and  above  the  line  will  have  lives  shorter 
dum  14X10,000  cycles,  while  combinattens  of  mean  stress  and  abesnadng  stress  left  and  below  the  line  will  have 
lives  longer  than  1,0004)00  cycles.  Figure  6  shows  the  Soderberg  Itee  for  a  material  with  an  endurance  limit  q£ 
100  Kai  and  a  yield  strength  of  237  KsL  Also  ptetted  in  the  figure  are  a  short-life  conditten  (above  the  line)  rod 
a  teity-life  conditten  (below  the  line). 
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When  dMennmiiig  the  fatigue  life  of  componenti  thtt  ponen  stress  coucentiatians,  the  Soderberg  line 
must  be  sligluly  aliered.  Insteud  of  dnwtng  the  SoderiMcg  line  firom  the  yield  point  on  the  mean  stress  axis  to 
the  ""Hnfnra  limit  on  the  alienmtiiv  stress  axis,  the  line  is  (taawn  from  the  yield  point  on  the  mean  stress  axis 
to  a  value  representing  the  endurance  limit  divided  by  the  stress  concentration  factor  on  the  alternating  stress  axis 
(Hgure  7).  The  stress  concenoatian  factor,  K|n  or  in  this  case,  the  fatigue  simigth  reduction  factor  due  to  cut 
threads,  is  conunonly  accepted  as  3.8  (ref  3). 

The  design  requirement  of  a  mmimnm  safety  factor  d  2.0  must  be  accouited  for.  This  requirement  is 
met  when  the  phx  of  mean  stress  and  stress  amplitnde  fails  below  the  line  that  interaects  the  ordinatB  at  the 
endurance  limit  divided  by  twice  the  fatigue  strength  reduction  factor  and  the  abscissa  at  half  the  yield  strength 
(Figure  8).  By  using  a  known  foimnla  for  the  safety  factor  as  applied  to  the  Sodnberg  criteria,  these 
interaectioo  points  can  be  calculated  for  FS«2  as  (td  4) 

SVFS-S,g  +  K^AS,/S, 

We  have  now  defined  the  area  within  which  any  combination  of  mean  stress  and  stress  amplitude  will 
yield  a  fatigue  life  equal  to  or  greater  than  1,000,000  cy^  at  a  load  of  3000  kips  and  with  a  minimum  safety 
factor  of  2.0. 

FATIGUE  LIFE  CALCULATIONS 

To  determine  the  life  of  the  press  posts  in  a  noo<i)reloaded  and  a  preloaded  press,  the  stresses  produced 
during  operation  must  be  determined.  The  stresses  in  the  posts  are  the  normal  tensile  ssesses  necessary  k>  react 
the  end  lands,  and  the  bending  loads  developed  to  accommodate  the  defecmation  of  the  platens.  The  normal 
tensile  stress  produced  is  the  end  load  produced  during  testing  divided  by  the  area  of  the  two  press  posts.  The 
bending  stresses  are  calculaied  as  fioUows. 

The  platen  is  loaded  as  a  beam  with  the  total  end  load  acting  at  in  mid-span  and  supported  by  the  two 
posts.  Assuniing  the  platen  to  be  a  simpty-supported  beam,  the  angle  through  winch  the  post  reaction  points 
must  rotate  is  given  by  the  equation  (ref  Q 
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where  9  is  the  angle  of  toation,  W  is  the  total  load  (3000  Ups),  I  is  the  support  span,  E  is  the  modulus  of 
eiasticfry  (29,000  Ksi),  and  I  is  the  moment  of  inertia.  The  ptatten  is  a  solid  rectangular  Mock  16  inches  deep 
and  17  inches  high  with  a  support  ^pan  between  the  two  press  posts  of  32  inches.  To  be  conservative,  the 
moment  d  inertia  was  cataifaited  at  the  cross  section  where  the  posts  pass  through  the  platen.  Using  well-known 
formulae  (ref  7),  the  value  of  I  is 
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Substituting  these  values  into  the  above  equation,  we  find 

6  a  6.74  X  10*  radians 


Both  piMeoi  ra(M  thfoufh  dlit  angle  at  tbe  points  ii^bere  tte  poiii  put  thraagh  itieoi.  Thisbeadsthe 
posts  dmogh  die  sasse  an^  Since  diis  is  a  para  bodtaig  load,  the  resulting  radius  of  curvatine  of  the  post  is 
(lefQ 
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wtwra  L  is  the  length  of  the  post  and  20  is  the  double  angto  produced  when  both  platens  deflect  unda  load. 
The  effbctive  length  of  the  prass  post  for  this  cakailatinn  is  the  dfotance  between  the  platens  (63  inches). 
Subathniing  these  values,  we  fold  that  the  tadins  of  carvatura  of  each  prass  post  is  48,234  inches.  From  basic 
beading  theory  (lef  8).  the  bending  stress,  Sa,  produced  by  this  defonnatian  is 


a 
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where  D  is  the  (hameter  of  the  press  post  (7  inches).  Snbstitnting  into  das  equation,  we  fold  that  the  bending 
stress  prorhirfd  is  11  KsL 

Reuniag  in  the  calculations  for  noonal  stress,  the  tensile  stress  ana  (ref  9)  of  a  7.00-4UNR-2A  thread 
is  33.7  in.*.  Rroia  this  vafaie  we  most  subnact  0^  hL*  because  there  is  a  0.73-in.  diameter  hcde  in  the  center  (rf 
each  press  post  The  reason  for  these  holes  will  be  explaiaed  later  with  the  preloading  procedure.  The  resulting 
tensile  stress  area  is  33  in.*.  Asanming  symmetrical  loadh^  between  the  two  posts,  each  post  supports  1300 

kq»,  producing  a  aomal  sBaas  of  42J4  Ksl  The  total  aaiiBim  stress  produced  in  each  post  is  the 
supoposition  of  the  nonaal  and  beading  stresses  or  44414  Ksi.  The  mean  stress  is  then  eq^  to  the  avenge  of 
the  maidmam  and  mhumnm  stresses  or  2132  KsL  The  stress  ampfonde  is  also  2132  Ksi  (see  Figure  3a).  This 
point  is  plotlDd  in  Hgnre  9  and  dearly  foils  to  the  ligln  and  above  the  Sodetberg  line  representmg  a  safety  foctor 
of  10.  The  ctdcnlawid  safety  foctor  for  this  combination  oi  mean  stress  and  alienmting  stress  is  1.06.  Therefore, 
the  use  of  a  threaded  press  post  without  prelondhig  win  result  in  a  fodgne  life  that  does  not  meet  the  safety 
reqoirenients  stated  in  the  original  objective. 

When  determining  the  appropriaie  amount  (d  preload,  an  amount  must  be  used  to  prevent  separation  of 
any  of  the  components  in  the  load  train.  Should  the  comprestioo  sleeve  lose  aU  of  its  compressive  inaHing,  the 
ben^  of  prdoatling  the  post  wiU  be  lost  The  miniminn  preload  to  prevent  loss  of  compressioa  in  the 
compression  sleeve  is  (ref  10) 
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where  1^  is  the  stiffiiess  of  the  compression  sleeve  (28^)32  Itipi^),  kp  is  the  stiffness  of  the  platen  (1774X)0 
kiptfoi.),  kc  is  the  oomboied  stiffiiess  of  the  parts  under  oonquession  ^,199  kipafin.).  kp  is  the  stiffiiess  of  the 
posts  (10,438  kipa/in.),  and  P|mx  the  maximum  exteniany  apdied  fond  to  each  post  (1300  kips).  Substituting, 
we  fold  that  the  minimom  prelood  is  F|  a  1047  kips. 
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This  is  the  theonticsl  minimuia  prelotd  valiie.  To  insore  that  there  is  no  loss  of  corapressioo  of  the 
rflmprffww*  sleeve,  s  pidoad  of  1200  was  used.  How  we  nnist  use  this  value  to  detemine  the  cyclic 
lisrees  and  stresses  in  the  preloaded  post  using  the  following  fonnniaB.  The  maximum  force  applied  to  the  post 
is  (ref  4) 


*  (jk^dkf  kc))  ^  Piam  ^  P| 

PiMi  *  16S2  Lips 

hrith  Fj  and  Ptua  s*  the  minimnm  and  maximum  applied  post'loads  (hiring  the  fttigue  cycle,  we  can 
dewmins  the  mean  load  and  load  ampUmde  and  snhaeqnently,  the  mean  stress  and  stress  amplimde.  Using  the 
tensile  strem  ana  and  beading  stress  found  earikr,  the  mean  stress  oa  the  preloaded  post  is  40^  Ksi  and  the 
stress  smplinide  on  the  preloaded  post  is  6.76  Ksi.  This  pomt  is  plotted  in  Figure  9  and  clearly  falls  to  the  left 
and  below  the  Soderberg  line  for  FSa2.  The  calculated  safety  foi^  is  2J3. 

We  are  now  assured  to  have  a  life  in  excess  of  IjOOOfiOO  cycles.  Not  included  in  this  quantitative 
analysis  are  the  benefits  fiom  shot  peeaing,  as  well  as  the  other  stress^edncing  geometric  features  listed  earlier. 

APPUCATION  OP  PKELOAD 

The  necessary  preload  was  applied  in  the  following  manner.  The  total  elongation  of  the  press  post  to 
achieve  a  prdoad  of  1,200,000  pounds  equals  the  of  the  post  plus  the  compression  of  the  sleeve  ami 

the  comprassioo  of  both  platens 


5r » +  St -h  25h. 

where  S  ■  PJLME;  L  m  length  of  component  in  questfon;  A  is  the  area  of  the  component  in  question;  and  E  is 
the  elaatic  modulus  (tf  the  componem  in  question.  Substituting,  we  have  ■  0.1097  in.,  0.04^  in.,  6n.» 
0.0068  in.,  and  5r»  0.1661  in. 

To  produce  a  deflection  of  0.1661  in.,  a  nut  of  pitch  0.2S0  ia  must  be  tuned  0.1661/02S0  or  0.664 
revolntion  or  239  degrees.  The  torques  required  to  produce  this  deflection  are  beyond  the  means  of  production 
at  our  fecility.  To  overcome  this  shortfeU,  the  foUowii^  procedure  was  used. 

The  press  was  assembled  and  the  nuts  were  mechamcaOy  lorqued  to  600  ft>lbs  to  assure  a  unif(»m 
initial  condition.  Four  heathy  efements,  approximately  0.7S0  inch  in  diameier  and  36  inches  long,  were  placed 
in  hides  drilled  down  the  center  of  each  press  post  (I^nre  10).  One  heating  element  was  inserted  in  each  end  of 
each  post  The  heating  elements  provided  a  toud  of  22,000  watts  of  power  and  a  watt  density  of  78  wattsrin.l 
Suffidem  heat  was  applied  to  thermally  oqtand  die  posts,  allowing  ^  degrees  of  not  rotation.  Once  this  nut 
rotation  was  achieved,  the  press  was  allowed  to  cooL  The  sleeves  prevented  the  posts  firom  returning  to  their 
original  length,  thus  apidying  the  preload.  Moohoring  methods  were  used  to  ensure  that  the  preload  was  actoafly 
applied.  The  sleeve  and  posts  were  insttumemed  at  the  time  of  assemUy.  Strain  gages  were  applied  and 
reridual  stresses  were  measured.  The  results  of  these  measurements  soflgested  that  suffidem  prdoad  had  been 
applied. 


The  minimum  increase  in  post-temperature  required  to  produce  the  preload  is  calculated  as  (ref  11) 

dT-MLo) 

where  a  is  the  linear  coefificiem  (tf  thmmal  expansion  or  3.82  inTF  at  S0O*F.  Substituting,  we  find  that  the 
temperature  increase  necessary  is  293*F.  This  tempennuie  rise  will  not  result  in  any  adverse  ^ect  on  any 
material  component  used  to  construct  the  press. 


5 


CONCLUSIONS 


It  hM  ben  shown  that  indocing  a  preload  in  the  threaded  posts  of  a  high  capacity  press  significantly 
increases  the  life  of  the  connectioo.  The  application  of  this  pidoad  win  aUeviate  the  failures  test  fixturing 
aasociaiBd  with  the  testing  of  open-«ided  cylhakn  subjected  to  high  psesaure  cyclic  loading.  The  press  was 
consttucted  utOizing  high-siren^  matarials  for  convenience.  Ahhough  there  are  potential  problems  associated 
with  the  uae  of  such  manials,  when  appropriate  care  is  taken  in  monitoring  the  petfocmance  of  the  assembled 
press,  we  are  convmced  that  long  lifo  and  aafo  apeadon  a  possible  with  this  construction  method. 
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MATERIAL  PROPERTIES 


COMPONENT 

MATERIAL 

YIELD 
STR  (ksi) 

ENDURANCE 
LIMIT  (ksi) 

Platens 

AISI  4140 

80  (min) 

42 

Sleeves 

AS19 

96  (min) 

62 

Nuts 

A  723 

140  (min) 

72 

Posts 

Marage  StI 
Grade  C250 

237 

100 

Table  1 
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LOWER 

PLATEN 


HIGH  STRENGTH  TESTING  MANDREL 


STRESS  AMPLITUDE  vs  TIME 

NO  PRELOAD 
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Time  (secs) 
Figure  3A 


STRESS  AMPLITUDE  vs  TIME 

PRELOADED 
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Time  (secs) 
Figure  3B 


STRESS  AMPLITUDE  vs  LIFE 

Stress  Amplitude  (ksi) 


CM 

w 

CM 

CM 
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6.76 


Figure  4 


FATIGUE  LIFE  PREDICTION 

SODERBERG  CRITERIA 

STRESS  AMPLITUDE.  Sa 
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100  150  200  250 

MEAN  STRESS,  Sm 

Figure  6 


SODERBERG  CRITERIA 

ADJUSTING  FOR  STRESS  CONCENTRATIONS 
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100  160  200  250 

MEAN  STRESS,  Sm 

Figure  7 


SODERBERG  CRITERIA 

ADJUSTING  FOR  FACTOR  OF  SAFETY 
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MEAN  STRESS,  Sm 

Figure  8 


SODERBERG  CRITERIA 

ADVANTAGE  OF  PRELOADING 
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MEAN  STRESS,  Sm 

Figure  9 


FATIGUE  LIFE  COMPARISON 


! 
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Figure  10 
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